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ABSTRACT : PROBLEM TO BE SOLVED: To provide a lead-free solder which is less different from a 
conventional solder in melting point, wettability and mechanical strength, and whose 
composition elements can be stably and globally supplied, and available from the cost 
aspect. 

SOLUTION: A publicly known lead-free solder alloy having the composition consisting of, 
by mass, 0.5-3.5% Ag, 0.1-1 .0% Cu, 0.5-10.0% Bi, and the balance Sn, is hard and brittle, 
and weak in its mechanical strength. To reinforce its disadvantages, 0.001 -0.01% P, and 
0.001-0.01% Ni are added to the alloy to improve the mechanical strength. 
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A AAA 

0. OUb 


0. 006 


218 ^232 


A \ A 

4"14 




I. u 


1 A 

1. 0 


0. 6 


0. 006 


0. 006 


215 —227 


4~liJ 




9 n 


9 A 


A A 


0.006 


0. 006 


ft t ft <Vftft 

210 —223 


« JO 


©tap 


9 A 




A C 

U.b 


A AA£ 

Q. Wo 


0. 006 


204 —219 


4 ii 






& A 


U. 0 


A AAC 


A AAC 

0. 006 


|flj ^ nip 

194 —215 


4-18 




2.0 


10.0 


0.6 


0. 008 


ft Oflfi 


I7Q ^9ft7 


4-19 




3.5 


0.5 


1.0 


aoi 


0.01 


219 -232 


4-20 


££££ 


3.5 


LO 


1.0 


0.01 


0.01 


215 -228 


4-21 


ass 


3.5 


2.0 


1.0 


0.01 


0.01 


211 -224 


4-22 


as 


3.5 


5.0 


1.0 


0.01 


0.0J 


205 -219 


4-23 




3.5 


8.0 


1.0 


0.01 


0.01 


194 -215 


4-24 


as 


3.5 


10.0 | 1.0 


0.01 


0.01 


179 -208 



[0025] [«5] 



MSDOCIDt<JP_ ^200001 5476A I > 



(8) ffl2 000-1 5476 (P2000-15476A) 



$5. 



No, 


Sn 


Ag 


B i 


Cu 


r 


Cr 




5-01 


m 


O.b 


0.5 


0.1 


0.001 


a 005 


217 -232 


5-02 




o.s 


1.0 


0.1 


0.001 


o.oob 


212 -2?/ 


5-03 




O.b 


2.0 


0.1 


0.001 


0.00b 


209 -222 


5-04 


&® 


0.5 


5.0 


0.1 


0.001 


0.005 


201 -218 


5*05 




0.5 


ao 


0.1 


0.001 


0.005 


192 -214 


5 06 


s& 


0.5 


10.0 


0.1 


0.001 


0. 005 


178 -206 


5 07 


a« 


1.0 


0.5 


0.4 


0.004 


0.01 


218 -232 


5-08 




1.0 


1.0 


0.4 


0.004 


0.01 


213 -227 


5-09 


&® 


1.0 


2.0 


a 4 


0.004 


0. 01 


210 -222 


5-10 


5S2B 


1.0 


5.0 


0.4 


0.004 


0.01 


203 -218 


5-11 




1.0 


8.0 


0.4 


0.004 


0.01 


194 -214 


5-12 




1.0 


10.0 


0.4 


a 004 


0.01 


178 -208 


5-13 




2-0 


0.5 


0.6 


0.006 


0.02 


218 -232 


5-14 


&® 


2.0 


1.0 


0.6 


a 006 


0.02 


215 -227 


515 




2.0 


2.0 


0.6 


0.006 


0.02 


210 —223 


5-16 




2.0 


5.0 


0.6 


0.006 


0.02 


204 -219 


5-17 




2.0 


8.0 


0.6 


0.006 


0.02 


194 -215 


5-18 


SI® 


2.0 


10.0 


0.6 


0. 006 


0.02 


179 -207 


5-19 




3.5 


0.5 


LO 


0.01 


0.0b 


219 —232 


5-20 




3.5 


1.0 


1.0 


0.01 


0.0b 


215 -228 


5-21 




3.5 


2.0 


1.0 


0. 01 


0.0b* 


211 -224 


5-22 




3.5 


5.0 


1.0 


a oi 


0.0b 


205 -219 


b-23 




3.5 


8.0 


1.0 


0.01 


0.0b 


194 -215 


b-24 




3.5 


10. 0 


1.0 


a oi 


0.0b 


179 -208 



[0026) 1^6] 



(9)B32 000-1 5476 <P2000-1 547 6A) 



No. 


S ti 


Ag 


B i 


Cu 


P 


Cr - 


Co 




6-01 




0.5 


0.5 


0.1 


a ooi 


0.005 


0.001 


217 -232 


6-02 




-0.5 


1.0 


0.1 


0.001 


0.005 


0.001 


212 -227 


6-03 




0.5 


2.0 


0.1 


a ooi 


0.005 


0.001 


209 -222 


6-04 




0.5 


5.0 


0.1 


0.001 


0.005 


0.001 


201 -218 


6-05 




0.5 


8.0 


0.1 


0.001 


0.005 


0.001 


192 -214 


6-06 




0.5 


10.0 


0.1 


0.001 


0.005 


0.001 


178 -206 


6-07 


g9 


1.0 


0.5 


0.4 


0.004 


0.01 


0.004 


218 -232 


6-08 


&® 


1.0 


1.0 


0.4 


0.0O4 


0.01 


0.004 


213 —227 


6-09 




1.0 


2.0 


0.4 


0.004 


0. 01 


0.004 


210 -222 


6-10 




1.0 


5.0 


0.4 


0. 004 


0. 01 


0. 004 


203 —218 


6-11 




1.0 


8.0 


0.4 


0.004 


0.01 


0.004 


194 -214 


6-12 


&m 


1.0 


10.0 


0.4 


0.004 


0.01 


0.004 


178 -208 


6-13 




2.0 


0.5 


0.6 


0.006 


0.02 


0.006 


218 -232 


6-14 


&® 


2.0 


1.0 


0.6 


0.006 


0.02 


0.006 


215-227 


6-15 


&® 


2.0 


2.0 


0.6 


0.006 


0.02 


0.006 


210 -223 


0-16 


mm 


2.0 


5.0 


0.6 


0.006 


0.02 


0.006 


204 -218 


G-17 




2.0 


8.0 


0.6 


0.006 


0.02 


0.006 


194 -215 


6-18 




2.0 


10.0 


0.6 


0.006 


0. 02 


0.006 


179 —207 


6-19 




3.5 


0.5 


1.0 


0.01 


0.05 


0. 01 


219 -232 


6-20 




3.5 


1.0 


1.0 


0.01 


0.05 


0. 01 


215 -228 


G-21 


tm 


3.5 


2.0 


1.0 


0. 01 


0.05 


0.01 


211 -223 


6-22 




3.5 


5.0 


1.0 


0. 01 


0.05 


0.01 


205 -218 


6-23 




3.5 


8.0 


1.0 


0.01 


0.05 


0.01 ' 


194 -215 


6-24 


®& 


15 | 10.0 


1.0 


0.01 


0.05 


0.01 


179 -208 



c o o 2 7 ] i?ie. mmt mi-htc^imm ti i o o 2 8 1 

X . £ 7 £nirtWiLMiA,tZ&& ( ttM&lN o . 1 ~ [ m 7 ] 

«7. axm 



No. 


Sn 


Ag 


B i 


Cu 




1 




3. 5 






2 2 1-229 


2 




1. 5 


5. 0 




2 0 5-2 1 9 


3 




1.5 




1. 0 


2 1 7-2 2 2 


4 


m 


1.5 


5. 0 


1.0 


2 0 1-2 1 8 


5 




2. 0 


7. 5 


0. 5 


1 77-209 



[0029] mis. mmmmttmnz^x . ®m 
3) . &m?>iktmm®M%. WM4 > . smn 



[0030] tiMMomma&zmiz. mmm^m^. 
f /mm* . mmmtx. wmmMfrnwrn 

W*«S(Hr) . tymkN/mm2 X'h 



(10) 32 000-1 5476 (P20 0 0-1 5476A) 



[0031) [*S] 



\m 

No.\ 






m&&2 


mm* 






<* c; 




to V 








i 


6. 7 


2 7.4 


j 4. 8 


2 5.3 


S2sm± 




4 0.2 


2 


7. 6 


1 b. 3 


5. 3 


1 4. b 




GGOORh 


3 7.8 


3 


5.5 


2 7 * 


3.9 


2 9.4 


<&m± 


eeooPXL 


4 1.3 


4 


8.4 


1 6. 


5.8 


1 5.8 


920QGLL 


mmi± 


3 8.7 


:, 


8. 3 


1 3.2 


5.5 


14.8 


8300 


eeoooh 


4 1.6 




1*9] 

. &»JNO. 1-0 1-1-24 ®^ti£&&mW&r-9 


No\ 














# if 




# V 








1-01 


7.2 


16.7 


5.7 


15.6 


9200JEU: 


6600JEU: 


38.2 


1-02 


7.3 


15.3 


5.9 


14.2 


9200JEU: 


66O0J2U: 


37.8 


1-03 


7.7 


15.4 


G.1 


13.8 


9200EU: 




37.4 


1-04 


7.9 


14.2 


6.4 


12. 1 


9200OK 


66O0J5U: 


36l7 • 


1-05 


8.4 


118 


6.7 


11.8 


9200ELK 


66000 h 


35.9 


1-06 


8.8 


12.4 


6.9 


10.2 


S2QOPXL 


660QEU: 


35.1 


1-07 


7.3 


16,3 


5.9 


16.1 


9200JELb 


G600£Ub 


39.0 


1 08 


7.5 


15l7 


6.2 


15.0 


WJOPXt 


6600RJ: 


38.6 


1-09 


7.8 


14.3 


6.4 


14.1 


920QJ5Lh 


esooRk 


37.5 


1-10 


8.1 


13.5 


6.6 


13.0 


9200£Lh 


6600ELL 


36.7 


Ml 


8.4 


116 


6.S 


12.3 


9200«± 


6G0QRh 


36.1 


1-12 


6.9 


11.8 


7.2 


10.9 


9200J2U: 


6600HJ: 


35.5 


1-13 


7.-4 


15.4 


5.8 


15.8 


9200SU: 


66000k 


39.1 


1-14 


7.6 


14.7 


8.2 


14.4 


9200£Lb 


660CEU: 


38.6 


115 


7.8 


14.1 


6.4 


115 


9200£l± 


6600J2U: 


77.8 


1-16 


8.3 


13.7 


6.9 


12.5 


920QRJ: 


660QPXt 


31.1 


1-1? 


8.5 


112 


7.0 


11.9 


920001 


6600EU: 


36.5 


1-18 


9.2 


11.0 


7.3. 


10.4 


S20Q£f± 


6600Rh 


36.0 


1-19 


7.5 


15.9 


5.5 


15.2 


9200RJ: 


6600£lk 


38.4 


1-20 


7.9 


14.3 


5.7 


14.0 


9200#± 


smu± 


37.5 


1-21 


8.4 


13.4 


5.9 


113 


9200JSU: 


6600£Lt 


37.3 


1-22 


8.9 


12.2 


6.0 


12.1 


9200Jat 


6600El± 


36.6 


1-23 


9.2 


11.8 


6.8 


11.3 


9200JSU: 


6S00£Lfc 


35.5 


1-24 1 


9.5 


10.8 


7.0 


10.2 


9200JEU: 


66C0JE4± 


35.0 



[0033] [3E10] 



(11) B2 000-1 5476 (P2000-1 5476A) 



«10. -MfflNO. 2-0 1-2-2 4®\M,t£$&&mtVlftr'-r 





r S|£$fH 


ffl£S&fr2 


o&££&3 


H3&wm 


«££#5 


s mm 


If 




' * 








2-01 


7.3 


16. G 


5.5 


112 


920QJEU: 


6600#J; 


38.5 


2-02 


7.5 


15.1 


16 


14.0 


9200JSU: 


6G0OJ&(± 


3T.9 


2-03 


7.8 


14.7 


19 


114 


9200CU: 


6600£t.h 


37.3 


204 


8.1 


13.9 


a2 


11.9 


9200J5U 


6600U± 


36.8 


2-05 


8.6 


13.5 


6.6 


11.6 


92Q0£Lk 


660QRJ: 


35.6 


2-06 


0.0 


12.0 


6.8 


JOlS 


9200JEU: 


6600JEt± 


34.0 


2*0/ 


7.1 


HI 5 


5.6 


15,4 


9200£Lb 


6600a± 


3-/. 8 


2 08 


7.3 


15.0 


ai 


14.0 


9200£Uh 


6600SU: 


1 319 


2-09 


7.5 


148 


a3 


13.6 


920Q£Lk 


6600£lt 


37.0 


2-10 


ao 


14.1 


as 


11. 8 


9200JSU: 


66O0J5U: 


315 


2-n 


13 


117 


7.1 


11.2 


92Q0SU: 


66O0J2LL 


313 


2-12 


8.7 


12L2 


7.3 


10.0 


920QEIJ: 


66OO0Jt 


316 


2-13 


7.4 


16.4 


5.7 


15.6 


9200JSU: 


6600 J3 h 


38.1 


2-14 


7.7 


15.4 


19 


14.2 


9200J5U: 


6600RJb 


37.3 


2-15 


ao 


14.9 


C.1 


118 


9200JELh 


6500£Lh 


36.8 


2-16 


7.9 


13.7 


6,4 


12.1 


92OO0± 


56O0£Lh 


36.5 


2-17 


8.5 


12.9 


6.7 


11.8 


9200JPLfc 


66O0&LK 


36.2 


2-18 


8.7 


1J.8 


6.9 


10. Z 


92C0J&Lb 


6600ELL 


314 yv= 


2-19 


7.3 


15.9 


a7 


112 


9200£Lh 


CSOORi: 


38.2 


2 20 


7.6 


14.2 


5.9 


14.4 


9200J2U: 


6600£l± 


37.6 


2-21 


,viV 


13.5 


6.1 


117 


9200PJJ: 


6600£Lt 


37.3 


2-22 


ao 


12.2 


6.4 


12.3 


9200£Lt 


66O0RJ: 


318 


2-23 


a7 


11.5 


6.7 


11.2 


9200#± 


6C00J5U: 


310 


2-24 


9.1 


10.5 


6.9 


9.9 


920M3U: 


660GELt 


35.3 



[0034] [*11] 



JSOOC1D: <JP___20OO01S47eA_l_> 



(12) S2 000-15476 (P2000- 



1 5476A) 



an. vamno. 3 -o 1-3-2 iwi^K^&foma&f-s 







mm2 




iU£&fr4 




No\ 








W If 








3-01 


7.1 


18.6 


as 


15.3 


KOORfc 


G600r 


314 


3-02 


7.4 


15.3 


5.8 


14.1 


920QGU: 


6600J^ 


37.6 


3-03 


7.9 


14.6 


6.0 


12.9 


9200JEU: 


660001 


37.2 


3-04 


8.2 


14.0 


a3 


11.8 


9200fiLh 


660Q£Lb 


3a 9 


3-05 


8.8 


117 


6.9 


11.4 


9200JQLh 


S600£lfc 


36. 1 


3-06 


9.1 


12.2 


7.0 


10.8 


920OCU: 


6GO0EU: 


35. 8 


3-0/ 


r.o 


ia3 


5.9 


15.2 


9200£Ut 


6600£Lh 


37.8 


3-08 


Y.4 


14.9 


6.2 


14.1 


9200JEU: 


6600£LL 


37.4 


3-09 


Y.7 


14.6 


6.5 


114 


9200J&U: 


GGOORh 


37.0 


3-10 


8.1 


14.0 


&9 


11.7 


92WELL 


6600£Lh 


3a 9 


3-il 


8.4 


13.8 


7.1 


11.4 


9200JEU: 


6600£lh 


310 


3-12 


8.9 


12.3 


7.2 


10.3 


9200£Lb 


660G£Lt 


35.6 


3-L3 


7.G 


16.1 


5.3 


15.4 


0200JO± 


6600Jy± 


38.4 


3-14 


7.8 


15.7 


5.6 


14.0 


9200Rfc 


6QXJJ&LL 


37.9 


3-15 


8.2 


14.9 


ao 


117 


92C0E* h 


6600ELK 


37.1 


3-16 


8.3 


119 


6.2 


12. 0 


9200RJL 


660OE1 1 


36.6 


3-17 


8.7 


112 


&6 


11.6 




6500£Lb 


•ml a 


3-18 


9.1 


12.1 


6.0 


10.4 


9200£Ul 


6600H : - 


3H. 7 


3-19 


7.1 


15.1 


5.7 


14.7 


9200£Lt 


86?':- \ I 




3-20 


7.4 


RO 


19 


118 


9200«_h 


66(> 




3-2! 


7.7 


113 


ai 


12.9 


9200fiLL 


6600JU ... 




3-22 


8.1 


12.0 


6.4 


11.5 


9200JEU. 


6600£Lh 


35. b 


. 3-23 


8.8 


11.1 


a? 


10.8 


9200JSU: 


06Q0J2Lt 


34.9 


3-24 


9.3 


10.0 


6.8 


a7 


9200EO: 


6600£Lh 


34.7 



[0035] [«12] 



RNRDOnm- <.tP " 200001 R476A I > 



(13) §2 000-1 5476 (P2000-15476A) 



*1 2. mfflUO. 4-0 1~4 - 2 4 <0\tA,tiA&f,)imiV&r -t> 







m£&2 


M££fr3 








<* 




<* V 








401 


Y.4 


119 


5.2 


15.0 


920Q&± 


6600£Lt 


37.9 


4-02 


7.5 


15.0 


5.7 


117 


9200JEU: 


eeoo^Lt 


3a 6 


4-03 


v. 8 


14.4 


6.1 


12.6 


920QJEU: 




3&2 


4-04 


10 


J19 


6.5 


11.9 


920QJBU: 


G600£l± 


36.0 * 


4-05 


8.6 


13.6 


6.8 


a. 2 


9200£Lb 


6600EU: 


35.8 


4-06 


8.8 


12.5 


7.1 


10.7 


920OEU: 


6600£U: 


35.4 


4-07 


7.1 


16. 1 


5l6 


15.3 


92C0£lt 


6600J2U: 


311 


4-08 


7.3 


15l7 


6.0 


14.5 


9200EU: 


6600£Lh 


37.6 


4-09 


7.8 


14.5 


6.3 


13.0 


9200JEU; 


66O0£U: 


37.5 


4-10 


13 


118 


6.7 


12.1 


9200EU: 


6G00HJ-. 


319 


4-11 


16 


1Z.7 


7.0 


11.5 


9200&L 


6600£Lb 


36.0 


4-12 


9.1 . 


11.9 


7.3 


10. i 


9200JEU: 


mmt 


316 


4 13 


7.4 


16.3 


5.2 


15.3 


9200£l± 


6600RJ: 


310 


4-14 


7.7 


15.5 


14 


14.1 


920QJEU: 


6600Rh 


37.6 


4-15 


8.3 


14,6 


5.7 


119 


9200£Lh 


6600£Lt 


37.3 


4-16 


8.4 


115 


6.0 


12.3 


9200JBU: 


6600CLL 


36.9 


4-1T 


a6 


12.8 


6.4 


11.8 


9200Rt 


6600JEU: 


316 


4-18 


ao 


11.4 | 


6.3 


10.2 


9Z0OELL 


6600RJb 


310 


4-19 


7.0 


15.1 


5.5 


14.5 


9200£Ub 


6600fiLfc 


38.6 


4-20 


7.1 


14.3 


5.9. 


115 


92O0£Lh 


S600JSI t 


37.5 


4-21 


7.4 


13.2 


6.1 


12.7 


9200RJb 


6B00JUI: 


37.3 


4-Z2 


8.3 


U.8 


6.2 


11.4 


9200JSU: 


6600RJ: 


36.6 


4-23 


8.9 


10.3 


6.4 


10.3 


9200JSU: 


6600Jy_fc 


311 


4-24 


9.2 


9.8 


as 


9.8 j 


9200£Lh 


5600£Lh 


314 



[0036] rm3] 



NSDOCIO: <JP 2O0OO1S«76A_l_> 



(14) 32 000-1 5476 (P2000-15476A) 



■& 1 3. SQgfllNO. 5 - 0 1 ~5 • 2 4 0\tA J ti?tft<&m}iJ$rr -9 



v 

No\ 






«CE$#3 








# If 












5-01 


7.3 


16.8 


5.4 


15.3 


92OO0± 


6600£lt 


38.1 


5-02 


7.4 


15.2 


5.8 


14.1 


9200J£lt 


660Q£/h 


37.4 


5-03 


7.6 


14.5 


6.1 


118 


9200JELb 


6600 JELt 


36.9 


5-04 


7.9 


13.7 


6.4 


12. b 


9200JSU 


ffiOOJBLb 


36.2 


. 5-05 


8.3 


13.3 


7.1 


11.4 


mo&± 


66C0FJJ: 


35.4 




8.7 


[2.4 


7.4 


10.9 


92OO0± 


6600J&U: 


3Sl2 


5-07 


7.3 


16.3 


5.8 


15.1 


9200JELh 


6600EU: 


37.9 


5-08 
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